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Gamma-lactonecarboxylic acid derivatives and their production. 

@ A compound represented by formula (I): 
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, wherein R 1 is an organic residue through a carbon atom R2 is 
a carboxyl group which may be esterified or amidated, and X is 
an oxygen atom, or a sulfur atom which may be oxidized 
or a salt thereof, which is useful as antibacterial agent' or 
intermediate for synthesizing the same, and a process for 
preparing the same. 
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Description 

y-Lactonecarboxylic Acid Derivatives and Their Production 

2. Background of the Invention 

(a) Field of the Invention 
d ^S 

the same, and to a process for prepaS^ 

(b) Description of the Prior Art 

belonging to the genus EmpedobacLranJ L nln^ T f f baCtena Was discov ^d from new strains 
Publication No. 0%7544)Tb^nt^ ^ ^f^^^™ SOi ' (S6e EPC 
represented by ^M-acetarK chemicai structure 

The invention searches for novel TAN-588 derivativee hi. IZ. ? f-^f-ahydrofurancarboxylic acid, 
intermediates which are usefu. CSrSS^^^^^^P^« 

2 -su*ti^ and found that novel 

and , thatthese compounds can be useSe^ a " tib h aC,eria ' *™» 

further research and accomplished the present Inventton 9 derlvat| ves. We have carried out 

3. Summary of the Invention 
Thus, the present invention provides a compound represented by the formula (I): 

30 y>\ >=0 

- . 0 

preparing a Y -lactone Jboxylic ac^ 

(II) : y ,ve cnaracter »zed in that a compound represented by the formula 
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i* - ( 1 } 

Smut S.' S " eSten ' fied 9r0 ^ - Z1 is • -ing group, and a compound represented by the 

R1-X'-Z2 (III) 

ss^aTe srcarri r ? atom ° r su,fur - * - * 

organic residue Ri, (ii) the sulfur atom i treated wi£ an oviHil f deSlredl (i) R1 " iS COnverted to «her 

sulfur atom, or (iii, the esterified carbox? groupls JS lS k*^ C ° Werted t0 30 oxidized 
and thereby converted to a carbox y rgroup or an ^ SUb,eMtoa ^ ,omi ^ rea * 
process giving a compound represented lly XketM^) ^ °' * "* ° f ^ the 



( I ) 
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resented by the formula: 
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"^Z T^^Z^™^* = —r to those exempt above. 

Alkyl groups for such substituents are prataSSth^ h h *' br0mine and fluorine - 
n-propy,, isopropyl. n-propy. and tlr?^ ^^llZlV, ° 4 atoms, such as methyl, ethyl, 

alkoxycarbonyl groups therefore are groups havino 1 To fS* 9 PS f ° f SUCh substit ^nts and those in 
and tert-butoxy. Preferred acyl grouJsTsS^ubs^^H ^ SUCh 38 methox V- etho ^. "-butoxj 
groups h a Vin g , to 4 carbon atoms'such as formal TcZ Z Qroups therefore are 

Examples of aryl qrouDs and h^r^r • ' ' ^ P ro P'onyl and butyryl. 
exemplified above" 9 ^ ™gs serving as such substituentTare the same as those 

the W S n ge X 5 'JET ' *~ ™> h ^ ^ sulfone or the like depending on 

metals (calcium). are tnose of a,ka " "«**» (sodium and potassium) and alkaline earth 

The leaving group represented by Zi in the form,.i=. im ■ . 
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(IV) 
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R^S-S-E 1 ' 
(HT) 

Ri — S 
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(I) 



W The ein „r^ R * R2 '' X and X ' are as d ^ above 

The s^^iar js wi " s «~ , n M 

condensing agent to obtain the compound (IV) m V J" 3 S ° ,Vent in the P resen <* * a 

xylcarbodiimide (DCC), DCC-1-hydroVbenS^^ a ° Wts are N -N'-dicyclohe- 

nofcne (EEDQ), carbonyldiimidazole. SpCoSJc B ^^^;2^hox y - 1 ^dihydr2x yqu i- 
the condensmg agent are each used u^limSSSSS^ reaction, the compound (II') an d 

an excess of the compound (III') as well « of tZ »!! f ^,° Ut 1 mole per mole of «» compound (II') vvhile 
of trouble. The presenTreaclionfec^c^ 

organic solvents such as dichloromethane. chloroforn^ lTS 0 f 0 !Z 65 ? S °' VentS are commo " 
acetate, benzene, hexane. N.N^IimethvlformamTJ ? chloroe1nane - °<oxane, tetrahydrofuran ethvl 

admixture. The reaction tempeniTurefe These s °'™*s are used singly oMn 

80°C though not limited ^'at^^^ *2 ^° Ct °*°« 

aunon proceeds. The reaction is conducted usua/Iy for 
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»OZhT? VC ° r9an ' C reS ' dUe thr ° USh 3 Carbon a10m - R2 is a 9~UP which may be esterified or 

am.dated. and X is an oxygen atom, or a sulfur atom which may be oxidLd or a salT fcereoT 

4. Description of the Preferred Embodiment 

Examples of organic residues through a carbon atom represented bv FU and Ri-aro an a ii«/i «,h;^h m=« h. 
substituted, a cycloaikyl. an aryi which may be substituted a'nd a heSrocyc.ic group SSetbZ^I 

Examples of preferred alkyl groups are those having 1 to 6 carbon aToms such as meff eS n DroD V t 
isopropyl. n-butyt. isobutyl, secbutyl, tert-butyl, 1.1-dimethylpropyl. n-pentyl isopentyrn-hexyl isohexvl ano 
the like. Examples of substituents which may be possessed by such alkyl groups aSogen^r^tlC 
alkoxycarbony acy acylamino. aryl, heterocyclic rings (pyridyl, thienyl fur*, etc^ and the Ike V 
cycloS 8 CyCl ° a,kyl 9r ° UPS ^ C " c * d " U * 9™ps "* * oyclobui cylpentyl and 

DossesTe'rbvlu^lT^f ° UPS ™ vha1 *' the like - <* substituents which may be 

possessed by such aryl groups are halogens, nitro. cyano, Ci- 3 alkyl groups. Ci 3 alkoxvl arouos and the like 
Examples of useful heterocyclic groups are 5- or 7-membered heterocyclic groups ^coSng one s J£ 

oSm^ r l^h n t at0m • 5 ," " 6 - membered heterocy * WW* containing two ?o foSr nitrogen a?oms iZl 
I n^Tho^ h 1 etero ^''C groups containing one or two nitrogen atoms and one sulfur or oxygen atom 

So ch nf^rr:r^ 

imiH^,?^ 0 f amP ' eS "f? efU ' heteroc y c| fe groups are pyridyl. pyrimidinyl, pyrazinyl. pyridazinyl pyranvl 
H« ^soxazolyl pyrimjdyl. naphthyridyl. tetrazolyl. triazolyl. fu^benzli^J Ta^d K 
Examptes of subsituents which may be possessed by such heterocyclic groups are halogens nitro arano 
Ci-3 alkyl groups. C1-3 alkoxyl groups and the like """yens, niiro, cyano, 

atom^fth 1 ""'■I? V iS Py I idyl ° r Whe " the a,ky ' ,hereby re P r esented has pyridyl as its substituents the nitrogen 
hlvT " dy m p y 66 ? uate / niZed ' Preferab| y with C1 "3 alk V < a "<* as methyl, ethyl or propyl which may 

have a subst.tuent. Examples of useful substituents for the alkyl are phenyl which may have a substituTnT 
carboxy. which may be esterified or amidated. cyano, hydroxy! Z a cephem-3 y. represented t/SSSSL 




COOH 
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£Z%1 « ^.enytecetyl, Phenylacetyl, 2-(2-amino-4-thiazolyl)-(Z)-2-methoxyiminoacetyl or like acyl 

intfS . C ° Unter T'° nS f ° r the g uaternized Pyridy' are external anions such as ha^gens and 
intermolecular anions such as the carboxyl on the cephem ring or of R* naiogens. and 

.nhcmT 1 ? ° f r° r ! p , referred « rou P s represented by Ri and Rv are C,- 3 alkyl groups, phenyl which mav be *° 

S^^SJS^'h!^ PV k^ 1 i eSPeCiaMy ^ " 4 " Pyridy,) WhiCh ™y be iaternSd ' ° 

thereTaS SS^TS^SE* 1 T " P f rep , resented by R2 or R2 ' « *ose having as ester residues 
IV,hct». . T £ av,n9 , 1 10 , 10 ca [ bon atoms - alken y'. aryl, cycloaikyl, heterocyclic ring and silyl which mav have a 

w ° f ! UCh 6SterS methy ' 6Ster - ethyl ester ' n -P r °Py' est <£ isopropyTSe^ teJ butyl 

^ Hinitrnh 3 ^, e ? er ' ^ 8Bter " 4 - bromo ° a i*y> ester, 4-nitrobenzyl e^er 2 niobenzyi eS 
nhP^Icf ^ fter 4. met hoxybenzyl ester, benzhydryl ester, phenacyl ester, 4:bromophenacyl es e ' 
£n^l!! ; h ^ ? Pheny ' eSter> methox y met M ester, methoxyethoxymethyl ester. eZxymeS es e ' 
* tr t hy ' acetox y meth y' Pivaloyloxymethyl ester. 2-methylsulfonyle hyl es^ES 
s.lylethyl ester, methylthiomethyl ester, trityl ester. 2,2,2-trichloroethyl ester, 2-iodoethyl ester cvcTohe^vl 
ester, cyclopentyl ester, aryl ester, cinnamyl ester. 4-picolyl ester, 2-tetrahyd op S S« ^ 2-tetSS 
rany. ester, tr methylsiM ester, tert-butyldimethylsi*. esteT. tert-butyldipheiWVes*^^^^^^^^^^ 
4-n,*obenzoylmethyl ester. 4-methylbenzoylmethyl ester, phthalimidomethyl ester. propionyloCethv 
l.l^imethypropy ester. 3-methyl-3-butenyl ester, succinimidomethyl ester! 3.5^ i^ert-bZSro^ 
ester, mesylmethyl ester, benzenesulfonylmethyl ester, phenvlthiomethyl ester, iminomethXinoe^^^^^^^ 

ester, b s-(4-methoxyphenyl)methyl ester, 2-cyano-1.1-dimethylethyl ester, tert-butyioxycarbonySE 
? ^ am T mett ^ eS I en 1ace ^^thy. ester, 1-isobutyryloxyethyl est^. 1-ethVca^bonyEeK 
1-cyclohexyloxycanbonyloxyethyl ester, phthahde ester(1,3-dihydro 

be^zhS ^^l^^s^^Z^l^ 3 — -rs. 
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a*JMaf£sss est* ™ hen - — * - 

«^S»d"PV*enl„.j,.,ormofatre.^ 



15 



20 



several minutes to several tens of hours but may require several days in some cases 
Jove 6 TS^S^ Xt^f V 0 7T d ,lln *SZ£S£ m one exemplified 

(V). while an excess of the agent ,s usable insofar as no adverse effect results 
The pyndyl group in the substituent R1 or R 2 of the comnounrt ,iv. r,r t\i\ k * • . 

suS^^T*? 1 a "" C0m w™l (V) have a proleeled oarboxyl epoop. Ihaae compounds ara 
subjected to a deprotecl.ng reacbor. as required, whereby the compound {I} carTbe Prepared im.\™Eotto 

f'-^" P r0pionic acid " Ate0 useful are aci ° ^ exchange resins. It is especial suSi?to use 
KlTTS^ ° f aniS0,e ' A " ° r9aniC M SUCh 35 ^hloroLthaL Jy VL7e so 

Wno^M a? e,h ° dS ^T 6 " 1 redUCti ° n is reSOrted t0 include - for exam P |e . a method employing a metal such as 
fnorn ' °h * COm P ound such as Premium dichloride or chromium acetate and Hw* or 

SU 35 aCe J iC aCid ' Pr ° pi0nic aCid or Mrochloric acid, and a reduction me^od which is 
?k r SePCe ° f 3 ° ataly,ic reducin 9 metal cata| y st - Examples of useful catalyL for the Salvt. ! c 

E^ZSZTSSi p nT wire - platinum sponge - p,a,inum b,ack - p ,atinum oxiae - 

!L^T ^' Palladium sponge, palladium black, palladium oxide, palladium barium sulfate 
^ lum ri car . bon 1 ate : P a "adium carbon, palladium silica gel, colloidal paLium L Hke pailSum 

Stt^^ k ' n ' Ckel ° X,de ' Raney nickeL Ur ^"ibara nickel and the like Furthefin « er 
reduction method wherein a metal and an acid are used, the metal is iron, chromium or the Le and theT d 
an inorganic acid such as hydrochloric acid or an organic acid such as formic acid acetic acid or ™S£ 
acid. The reduction methods are practiced usually in a solvent. For example frequent^ S for 

ESS^ST? h0sphonc 1 acid buffer - etc - Although water, acetone and the like are generl S for tte 
method employing a metal and an acid, the acid itself is also usable as a solvent when it is a^ou d 

roi^ptaSr ^ a " ^ and ^ redUCti ° n me,h ° dS ' the reaCti °" iS C °« d "25 with c 3 oX or at 

a^eTe^ -h a primary amine or secondary 
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presence of a condensing agent. Examples of useful condensing agent are N.N'-dicyclohexylcarbodiimide or 
like carbodiimide, carbonyldiimidazole, 1-ethoxycarbonyl-2-ethoxy-t,2-dihydroxyquinoline, diphenylphospho- 

rylazide and the like. , ... 

Examples of useful derivatives which are reactive at the carboxyl group are acid halides, acid anhydrides, 
5 amide compounds, active esters, active thio esters, etc. More specific examples of such reactive derivatives 
are as follows. 



1) Acid halides 

Examples of acid halides are acid chloride, acid bromide, etc. 

10 

2) Acid anhydrides . bj . . .... 

Examples of acid anhydrides are mixed acid anhydride with a monoalkylcarbonic acid, mixed acid anhydride 

with an aliphatic carboxylic acid (such as acetic acid, pivalic acid, valeric acid, isovaleric acid or trichloroacetic 
acid), mixed acid anhydride with an aromatic carboxylic acid (such as benzoic acid), acid anhydride symmetric 
15 with the compound (I), etc. 

3) Amide compounds m . 

Amide compounds composed of pyrazole, imidazole, 4-substituted imidazole, dimethylpyrazole, benzotria- 
zole or the like, with the carboxyl group attached to the nitrogen on the ring thereof are used. 



20 



4) Active esters , , . . m 
Examples of active esters are a methyl ester, ethyl ester, methoxymethyl ester, propargyl ester, 

4-nitrophenyl ester, 2,4-dinitrophenyt ester, trlchlorophenyl ester, pentachlorophenyl ester, mesylphenyl ester 
and the like. Also useful are esters with 1-hydroxy-1H-2-pyridone, N-hydroxysuccinimide, 1-hydroxybenzotria- 
25 zole, N-hydroxy-5-norbornene-2,a-dicarboxylic acid imide, N-hydroxyphthalimide and the like. 

5) Bnun^ofw^ active thio esters are those with 2-pyridylthiol, 2-benzthiazolylthiol and like heterocyclic 

30 The desired reactive derivative is suitably selected from among these examples depending on the kind of 

^e^resenf reaction is conducted sometimes in the presence of a base. Examples of useful bases are 
aliphatic tertiary amines such as trimethyiamine. triethylamine, tripropylamine and tri-n-butylamme; tertiary 
amines such as N-methyipiperidine, N-methylpyrroIidone, cyclohexyldimethylamine and N-methylmorpholine; 

35 dialkylamines such as di-n-butylamine, di-isobutyiamine and dicyclohexylamine; aromatic amines such as 
pyridine, lutidine and y-collidine; hydroxides or carbonates of alkali metals such as lithium, sodium and 
potassium and alkaline earth metals such as calcium and magnesium; etc. 

For the present reaction, usually about 1 mole of the reactive carboxylic acid derivative of compound (I) Is 
used per mole of the compound (VI). However, an excess of the derivative is also usable insofar as it is not 

40 detrimental to the reaction. When to be used, the base is used usually in an amount of about 1 mole to about 30 
moles, preferably about 1 mole to about 10 moles, per mole of the compound (VI) although the amount is 
variable according to the kind of reactive carboxylic acid derivative and other reaction conditions. The present 
reaction Is conducted usually in a solvent. Examples of useful solvents are ethers such as dioxane 
tetrahydrofuran, diethyl ether, diisopropyl ether, propylene oxide and butylene oxide; esters such as ethyl 

45 acetate and ethyl formate; halogenated hydrocarbon halides such as chloro form, dichloromethane, 
1 2-dichloroethane and 1,1,1-trichloroethane; hydrocarbons such as benzene, toluene and n-hexane; amides 
such as N,N-dimethylformamide and N,N-dimethylacetamide; nitriies such as acetonitnle; and like usual 
organic solvents. These solvents are used singly or in admixture. Among the bases exemplified above, those 
which are liquid are usable also as solvents. The reaction temperature, which is not limited specificalty insofar 

50 as the reaction proceeds, is usually about -50° C to about 150 6 C, preferably about -30°C to about 80 C. The 
reaction is completed usually within several tens of minutes to several tens of hours but may require several 
tens of days in some cases, although the reaction time varies with the starting materials, base, reaction 
temperature and solvent used. When the carboxylic acid derivative thus amidated is aTAN-588 derivative, the 
product is subjected to a deprotecting reaction when desired, whereby the TAN-588 derivative can be 

55 obtained in the form of a carboxylic compound or salt thereof. The protective group can be removed by the 
same method as already described. The resulting compound is included also within the scope of compounds 

0) The compound (II'), starting material of the process of the invention, can be prepared from 2-oxoglutaric 
acid by selectively esterifying only one of its two carboxylic groups, i.e. the carboxylic group at the 1 -position 
60 This reaction is carried out by reacting 2-oxoglutaric acid with an approximately equivalent weight of 
esterifying agent in a solvent in the presence of an equivalent weight of base. Examples of useful esterifying 
agents are halides such as methyl iodide, benzyl bromide, p-nitrobenzyl bromide, m-phenoxybenzyl bromide, 
D-tert-butylbenzyl bromide, dipheny! methyl bromide and pivaloyloxy methyl chloride; dialkyl ! sulfates such as 



65 



p-ien-DUTyiDenzyi orurniue, uipiiciiyiniouiyi uivm^ . * 

dimethyl sulfate and diethyl sulfate; etc. Examples of useful bases are diisopropylamine, dicyclohexylamine, 
cyclohexylisopropylamine, triethylamine, tripropylamine, tri-n-butylamine, diisopropylethylamine, DABCO, 
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DBU, N-methylmorpholine, N-methylpiperidine. N-methyipyrrolidine, 3,4-dihydro-2H-pyrido[1 2-a]pyridine- 
2-one, 4-dimethylaminopyridine, pyridine, lutidine, y-collidine and like organic amines; hydrides, hydroxides or 
carbonates of lithium, sodium, potassium, cesium and like alkali metals; etc. 

Examples of useful solvents are N.N-dimethylformamide. N,NHdimethylacetamide, hexamethylphospho- 
ramide, dimethyl sulfoxide, dichloromethane, acetonitrile, tetrahydrofuran and the like. The reaction 5 
temperature is usually about -20°C to about 100°C. The reaction time is about 5 minutes to about 30 hours. 

The starting compound of the formula (VI) is a known compound. Unexamined EPC Publication No. 0191989 
disclosed a process for preparing this compound. 

The compound (I), which provides the above-mentioned TAN-588 derivative, can be useful intermediate for 
preparing the basic skeleton [2-(4-substituted amino-aK>xo-2-isoxazolidinyl}-5-oxo-2-tetrahydrofurancarbox- w 
ylic acid derivative] of TAN-588. More specifically, the reaction of the compound of the formula (I) wherein R 2 is 
a protected carboxylic group with a compound represented by the formula 




wherein R 4 is a protected amino group, in a solvent in the presence of a base affords a compound of the 
formula 




25 

(VIII) 

30 



Examples of solvents useful for this reaction are those exemplified for the reaction between the compound (II') 
and the compound (UK). Examples of suitable bases for use in the reaction are organic amines such as 
tnmethylamine, diisopropylethylamine, N-methylmorpholine, dicyclohexylamine, triethylenediamine, pyridine 35 
4-dimethylaminopyridine and imidazole; inorganic bases such as hydroxides of lithium, sodium, potassium and 
like alkali metals; etc. For the present reaction, about 1 mole of the compound (VII) and about 1 mole of the 
base are usually used per mole of the compound (I), while the compound (VII) and the bases are usable in 
excess amounts insofar as the reaction can be conducted free of any trouble. The base may be used in an 
amount suitable for use as a catalyst. The reaction temperature is generally -20° C to 150° C, preferably 0° C to 
100° C, although not specifically limited insofar as the reaction proceeds. The reaction time is usually several 
tens of minutes to several tens of hours. When required, the compound (VIII) thus obtained can be subjected 
to a deprotecting reaction, amidation reaction, etc. in the same manner as already described and thereby 
converted to a TAN-588 derivative having antibacterial activity. 

The desired compounds (I) thus obtained can be isolated and purified by known methods such as 45 
concentration, phase transfer, solvent extraction, freeze-drying, crystallization, recrystallization, fractionation 
chro matography and the like. 

When the desired compound (I) contains an asymmetric carbon, stereoisomers are present. These isomers 
and a mixture thereof are also included within the scope of the invention. 

The compound (I) of the present invention can be reacted with a base to form a salt as already stated: 50 

The present compound (i), when obtained in a free form, may be made into a salt by a usual method. When 
obtained in the form of a salt, the compound may be made into a free form by a usual method. 

The compound (I) can be in the form of an intramolecular salt, which is also included within the invention 

Thus, the compounds (I) of the invention, salts, esters or amides thereof include those exhibiting 
antibacterial activity on some kinds of gram-positive bacteria and gram-negative bacteria and are low in 55 
toxicity. Accordingly, such compounds are usable as bacterial infection curing agents or antibacterial agents 
for mammals (such as mice, rats, dogs, cows, swine and man) for treating bacterial infections (such as 
infections of the respiratory system, urethral duct, bile duct and intestines, gynecological and surgical 
infections and suppurative diseases). 

Furthermore, the compound (I) of the invention acts to inhibit 5-lipoxygenase metabolites (such as 50 
leukotrienes, 5-hydroxyeicosatetraenoic acid, 5-peroxyeicosatetraenoic acid and likoxines) and can be used 
as an agent for treating functional disorders of the heart, brain, lung, kidney, etc., circulation improving agent 
therefore, antiasthmatic agent and antiallergic agent. 

The compound (I) or a salt thereof is given at a daily dosage of about 2 to about 100 mg/kg, preferably 
about 5 to about 40 mg/kg, calculated as the compound (I). 65 
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For oral administration, the compound (I) or a pharmacologically acceptable salt thereof can be mixed with a ,f 
suitable pharmacologically acceptable carrier, excipient or diluent and then made into tablets, granules, drops, 
encapsulated preparation or the like by a conventional method. Alternatively, the compound or salt can be 
formulated into an injection solution by a usual method and then admixed with a sterilized carrier prepared by a 
5 usual method for parenteral administration. 

Suitable for use in producing an oral preparation, e.g. tablets, are binders (such as hydroxypropylcellulose, 
hydroxypropylmethylcelluiose and macrogol), disintegrators (such as starch and carboxymethylcellulose 
calcium), excipients (such as lactose and starch), lubricants (such as magnesium stearate and talc), etc. 

Suitable for use in producing a parenteral preparation, e.g. an injection solution, are isotonic agents (such 
10 as glucose, D-sorbitol, D-mannitoI and sodium chloride), antiseptics (such as benzyl alcohol, chlorobutanol, 
methyl p-oxybenzoate and propyl p-oxybenzoate), buffers (such as phosphate buffer and sodium acetate 
burfer), etc. 

The present invention will be described in greater detail with reference to the following reference examples 
and examples, which, however, in no way limit the invention. 
15 The symbols used for NMR are as follows, s stands for singlet, d for doublet, dd for double of doublets, t for 
triplet, ABq for AB quartet, m for multiplet and bs for broad singlet. 

Reference Example 1 

20 Preparation of 1-(4-nitrobenzyl) 2-oxoglutarate: 

To a solution of 2.93 g of 2-oxoglutaric acid in 20 ml of dimethylformamide was added 3.63 g of 
dicyclohexylamine, which was heated at 50° C. 4-Nitrobenzyl bromide (4.75 g) was added to the mixture and 
stirred for 15 min. at 70°C. After cooling, 100 ml of ethyl acetate was added to the mixture. The precipitated 
crystals were filtered off and washed with ethyl acetate. The combined solution of the filtrate and washings was 
25 washed with water and then saturated sodium chloride, and dried over MgS04. The solvent was removed 
under reduced pressure and the residue was subjected to silica gel column chromatography eluting with 
hexane-ethyl acetate-acetic acid (50 : 50 : 1) to yield 5.2 g of the title compound as crystals. 
MP : 100-102°C. 

IR vmax (KBr)cm- 1 : 1735, 1707, 1530, 1345, 1275, 1085. 
30 NMR (90MHz, CDCI 3 -DMSO-d 6 ) 

6 : 2.5-2.8 (2H,m), 2.9-3.3 (2H,m), 5.40 (2H,s), 7.62 (2H,d,J-9Hz), 8.28 (2H,d,J-9Hz). 

Reference Example 2 

35 Preparation of 1-diphenylmethyl 2-oxoglutarate: 

The title compound (3.2 g) as crystals was obtained from 2.93 g of 2-oxoglutaric acid, 4.75 g of di 
phenylmethyl bromide and 3.63 g of dicyclohexylamine in a similar way to Reference Example 1 . 
MP : 107-109°C. 
IR vmax (KBr)cm- 1 : 1730, 1710. 
40 NMR (60MHz, CDCI3) 8 : 2.58-3.17 (4H,m), 6.99 (1H,s), 7.31 -7.54 (10H,m). 

Reference Example 3 

Preparation of 1 -benzyl 2-oxoglutarate: 
45 The title compound was obtained in a similar way to Reference Example 1. 
MP : 51-52°C. 

IR vmax (Nujol)cm- 1 : 1740, 1705, 1270, 1090, 1040. 

NMR (90MHz, CDCI3) 5 : 2.67 (2H,t,J = 6Hz), 2.97 (2H, m), 556 (2H,s), 7.35 (5H,s), 8.9 (1H,b). 

50 Reference Example 4 

Preparation of 1 -methyl 2-oxoglutarate: 
The title compound was obtained in a similar way to Reference Example 1. 
MP : 54.5- 55.0° C. 

55 IR vmax (KBr)cm- 1 : 3430, 1750, 1735, 1710, 1275, 1255 1225, 1080. 

NMR (90MHZ, CDCI 3 )5: 2.60-357 (4H, m), 3.88 (3H, s). 8.20 (1H, bs). 

Reference Example 5 

60 Preparation of 1-pivaloyIoxymethyl 2-oxoglutarate: 

The title compound was obtained in a similar way to Reference Example 1. 
IR vmax (Neat)cm- 1 : 2970, 1750, 1710. 

NMR (90MHZ, CDCI 3 )6: 1.24 (9H, s), 2.67-3.19 (4H, m), 5.89 (2H, s). 

65 
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Reference Example 6 



Preparation of 1-(2-trimethylsilytethyl) 2-oxoglutarate- 
The title compound was obtained in a similar way to Reference Examole 1 
Ifl vmax (Neat)cm-« : 1730, 1420, 1250, 1080, 1030 840 

(100MHZ ' CDCl3,5: °- 8 °- 120 ™< 2-50-2.35 ,2H,m,. 2.98-3.20 (2H. m,, 4,6-4.44 (2H. m). 
Reference Example 7 

Preparation of 5-pyrroIidinyl-4,5-dioxopentanoic acid- 

N.^cy^ was added 824 mg of 

pyrrolidine was added to the mixture v^Si^^V^t r °° m *"P™"»- Then 284 mg of 
were filtered off and the titrate after additionTeth^Ttrt T" t tem P eratur * T "° precipitated crystals 
carbonate solution. Tne ^^6^x^^J^%^ZZ ^ SOd ' um 
ethyl acetate. The organic phase was washed with wateV dS ?MnQ^ V L " C ™ d a " d eXtracted with 
subjected to silica gel chromatographic obSn 412 X 4> co " centrated - ™* residue was 
MP : 101 - 102°C. l °9 ra P n y to outain 412 mg of the title compound as colorless crystals. 

IR vmax (KBr)cm-i : 2970, 1730, 1710, 1600 1390 1330 i?m H7n 
Example 1 

MP : 145- 146° C. 

L^Mu r)C ^, U 1790 - 1750 - 1510 ' 14 80. 1350. 1260, 1 190, 1040 30 
(TdJX'. 03,8 •' 245 - 295 (4H ' m) - ^ J = 12 ' 18H2 '- «™» (7H.m). 8.00-8.20 
Example 2 

35 

P Thftili!" ° f benz y' 2-phenoxy-5H>xo-2-tetrahydrofurancarboxylate [Compound (2)1 ■ 
2.cS^^ 
MP : 57-79°C. 

IR vmax (KBr)cm-"» : 1790, 1760, 1580, 1490 1290 1270 ipin non n 7rt 40 
NMR (90HMZ, CDC. 3 )o : 2.40-2.95 (4H,m), ?i6 ^fSSS doS.m] ^ 
Example 3 



Prep^ation of 2-phenoxy-5-oxo-2-tetrahydrofurancarboxylic acid [Compound fan • 

stirred for an hour at room ^M^^^f^ h mfl ° f 1 ° '° P a,ladJum ^rbon. The mixture was 
was added to the Cat ^ st 0 * ethyi acetate 

addition of 2N-HCI and extracted with PtLi xu ^ The ac * ueous P nase was adjusted to pH 3 by 

solution and dist^ ^ saturated so *™ chloride 

MP : 113- 114-a Pr6SSUre t0 ° btain 227 m 9 of the tit,e compound (3). 



IR vmax (KBr)cm-i : 3000, 1800, 1750, 1490 1190 1040 
NMR (90MHz, CDd 3 )5 : 2,62 (4H,s), 6.92-7.37 (5H,m), 9.41 (1H,bs). 



Example 4 

Preparation of benzyl 2-methoxy 
The title compound (4), ( 1 .5 



10 



15 



20 



25 



45 



50 



55 



oxy-5^oxo-2-tetrahydrofurancarboxylate [Compound {4)1- 

2.1 g afb£ SO 
MP : 39-41°C. 

IR vmax (KBr)cm-i : 1800, 1760, 1450, 1380 1270 1200 117H imn 

(90MHZ ' CDC '3)8 : 2-30-2.90 ,4H,m), 3.46 SUfSJSUfSe (5H.s,. 
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I 



Example 5 

Preparation of benzyl 2-phenylthio-5™oxo-2-tetrahydrofurancarboxylate [Compound (5)] : 
The title compound (5), (1.85 g) was obtained from 1.03 g of thiophenol, 2.21 g of 1-benzyl 2-oxoglutarate 
5 and 1.94 g of DCC by a similar method to Example 1. 
MP : 105 - 107°C. 

IR vmax (KBr)cm-i : 1790, 1740, 1450, 1360, 1250, 1160, 1050. 

NMR (90MHz, CDCI 3 ) 5 : 2.30-2.80 (4H,m), 5.03 (2H,s), 7.10-7.55 (10H,m). 

10 Example 6 

Preparation of benzhydryl 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (6)] : 

A mixture of 850 mg of thlophenol, 2.21 g of 1-benzyl 2-oxoglutarate, 1.58 g of 1-ethoxycarbonyl-2-ethoxy- 
1 ,2-dihydroquinoline (EEDQ)and 60 ml of dichloroethane was stirred for 20 hours at room temperature. The 
15 reaction mixture was subjected to silica gel column chromatography eluting with hexane-dichloromethane (1 : 
3) to give 1.13 g of the title compound (6). 
MP : 157-159°C. 

IR vmax (KBr)cm- 1 : 1790, 1740, 1440, 1240, 1160, 1050. 

NMR (90MHz, CDCI3) 8 : 2.35-3.00 (4H,m), 6.77 (1H,s), 7.00-7.48 (15H,m). 

20 

Example 7 

Preparation of 4-nitrobenzyl 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (7)] : 
The title compound (7), (770 mg) was obtained from 550 mg of thiophenol, 1.15 g of 1 -(4-nitrobenzyl) 
25 2-oxoglutarate and 1.15 g of DCC by a similar method to Example 1. 
MP : 101 - 102°C. 

IR vmax (KBr)cm- 1 : 1800, 1750, 1520, 1340, 1240, 1160, 1060. 

NMR (90MHz, CDCI 3 ) : 2.38-3.00 (4H,m), 5.06 (2H,s), 7.05-7.55 (7H,m), 8.10 (2H,d, J = 9Hz). 
30 Example 8 

Preparation of 2-trimethylsilylethyl 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (8)] : 

The title compound (8), (425 mg) was obtained from 231 mg of thiophenol, 430 mg of 1 -(2-trimethylsilylethyl) 
2-oxoglutarate and 432 mg of DCC by a similar method to Example 1. 
35 MP:56 - 57 0 C. 

IR vmax (KBr)cm- 1 : 1780, 1720, 1290, 1240, 1160, 1060. 

NMR (90MHz, CDCI 3 )8 : 0.80 (2H,m), 2.35-2.90 (4H,m), 4.10 (2H,dd,J = 7, 10Hz), 7.20-7.65 (5H,m). 
Example 9 

40 

Preparation of 4-nitrobenzyl 2-(4-chlorophenyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (9)]: 

The title compound (9), (3.0 g) was obtained from 1.45 g of 4-chlorothiophenol, 3.1 g of 1 -(4-nitrobenzyl) 
2-oxoglutarate and 2.3 g of DCC by a similar method to Example 1. 
MP : 176 -178° C. 

45 IR vmax (KBr)cm- 1 : 1790, 1730, 1510, 1470, 1140, 1290, 1160, 1060. 

NMR (90MHz, CDCI3) : 2.40-2.95 (4H.m), 5.14 (2H.s), 7.15-7.50 (6H,m), 8.21 (2H,d, J-9Hz). 

Example 10 

50 Preparation of benzhydryl 2-(4-chlorophenyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (10)] : 

The title compound (10), (1.27 g) was obtained from 725 mg of 4-chlorothiophenol, 1.71 g of 1-benzhydryl 
2-oxoglutarate and 1.15 g of DCC by a similar method to Example 1. 
MP : 153 - 155°C. 

IR vmax (KBr)cm- 1 : 1800, 1750, 1250, 1170, 1060. 
55 NMR (90MHz, CDCI 3 ) 8 : 2.40-2.83 (4H,m), 6.81 (1H,s), 7.03-7.41 (14H,m). 

Example 11 

Preparation of 2-(4-chlorophenol)thio-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (11)] : 
60 To a solution of 439 mg of Compound (10) in 10 ml of dichloromethane were added 0.9 ml of anisole and 1 ml 
of trifluoroacetic acid, followed by stirring for 2 hours. The reaction mixture was concentrated under reduced 
pressure to obtain 220 mg of the title compound (11). 
MP : 143-145°C. 

IR vmax (KBr)cm- 1 : 3100, 1770, 1740. 1470, 1190, 1030. 
65 NMR (90HMz, CDCI3) 8 : 2.34-3.96 (4H,m), 7.39 (4H, ABq, J = 9,18Hz). 
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Example 12 

Preparation of 4-nitrobenzyl 2-(2-pyridyl)methylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (12)] : 
The title compound (12) (2.8 g) was obtained from 1 .25 g of 2-pyridylmethanethiol, 3.1 g of 1 -(4-nitrobenzyl) 
2-oxoglutarate and 2.3 g of DCC by a similar method to Example 1. 

IR vmax (KBr)cm- 1 : 1780, 1740. 1520. 1430. 1340. 1250, 1160, 1060. 

NMR (90MHz, CDCI 3 )8 : 2.35-2.95 (4H,s), 4.12 (2H,s), 5.28 (2H,s), 7.10-8.70 (8H,m). 

Example 13 

Preparation of 2-(2-pyridyl)methylthio-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (13)] : 

To a mixture of 777 mg of Compound (12), 20 ml of ethyl acetate and 20 ml of phosphate buffer (pH 7) was 
added 1 g of 10o/o palladium-carbon and the mixture was stirred at room temperature for 4 hours in a stream of 
hydrogen. After filtering the catalyst off, ethyl acetate was added to the mixture. The collected aqueous phase 
was adjusted to pH 3 by addition of 2N-HCI and concentrated under reduced pressure. Methanol was added to 
the residue, and after filtering an insoluble material off, the filtrate was concentrated under reduced pressure. 
Ethyl ether was added to the residue to obtain 356 mg of the title compound (13). 
IR vmax (KBr)cm- 1 : 3400, 1760-1780, 1605, 1460, 1180, 1050. 

Example 14 

Preparation of 4-nitrobenzyl 2-(4-pyridyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (14)] : 

The title compound (14), (740 mg) was obtained from 1.11 g of 4-pyridinethiol, 3.09 g of 1 -(4-nitrobenzyl) 
2-oxoglutarate and 2.27 g of DCC by a similar method to Example 1. 
MP : 118-119°C, 

IR vmax (KBr)cm- 1 : 1800, 1740. 1570, 1520, 1340, 1250, 1160. 1045. 

NMR (90MHz, CDCI 3 )5 : 2.45-3.00 (4H,m), 5.16 (2H,s). 7.25-7.45 (4H,m), 8.16 (2H,d,J = 9Hz) 8 46 
(2H,d,J = 6Hz). 

Example 15 

Preparation of 2-(4-pyridyl)thio-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (15)] : 

The title compound (15), (302 mg) was obtained from 650 mg of Compound (14) by a similar method to 
Example 13. 

IR vmax (KBr)cm- 1 : 3100, 1790, 1770, 1650, 1480, 1160, 1050. 
Example 16 

Preparation of 4-nltrobenzyl 2-(4-pyridyl)methylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (16)] : 
The title compound (16) was obtained from 1 .0 g of 4-pyridytmethanethiol, 2.5 g of 1-(4-nitrobenzyl)-2-oxo- 

glutarate and 1.9 g of DCC by a similar method to Example 1. 

IR vmax (KBr)cm- 1 : 1800, 1740, 1600, 1520, 1350. 1250, 1160, 1060 

NMR (90MHz, CDCI3) 6 : 2.35-2.95 (4H,m), 3.95 (2H,s), 5.12 (2H.s), 7.15-8.60 (8H,m). 

Example 17 

Preparation of pivaloyloxymethyl 2-(2-acetamidoethyl) thio-5-oxo-2-tetrahydrofurancarboxylate [Compound 

The title compound (17), (4.0 g) was obtained from 1.2 g of 2-acetamidoethanethiol, 3.1 g of 
1 -pivaloyloxymethyl 2-oxoglutarate and 2.3 g of DCC by a similar method to Example 1 
IR vmax (KBr)cm- 1 : 3300, 1800, 1755. 1650. 1540, 1280, 1180, 1020 

NMR (90MHz, CDCI 3 )6 : 1.26 (9H,s), 1.94 (3H,s), 2.29-2.98 (6H, m), 3.43 (2H,m), 5.88 (2H,s), 6.61 (1H,bs). 
Example 18 

Preparation of 4-nitrobenzyl 2-(2-pyridyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (18)] : 

A solution of 220 mg of 2,2'-dipyridyl disulfide, 281 mg of 1 -(4-nitrobenzyl) 2-oxoglutarate and 263 mg of 
triphenylphosphine in 5 ml of dichloromethane was stirred for 20 hours at room temperature. The reaction 
mixture was subjected to silica gel column chromatography eiuting with dichloromethane-ethyl acetate (9*1) 
to obtain 300 mg of the title compound (18). 
MP : 75-76°C. 

IR vmax (KBr)cm-i : 1790, 1750, 1510. 1350, 1270, 1180, 1160, 1120. 
NMR (90MHz, CDCI 3 )8 : 2.50-3.20 (4H,m), 5.30 (2H,s), 6.95-8.30 (8H,m). 
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Example 19 £ 

Preparation of benzyl 2-(2-pyridyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (19)] : 
The title compound (19), (2.8 g) was obtained from 22 g of 2,2'-dipyridyl disulfide, 2.36 g of 1-benzyt 
5 2-oxoglutarate and 2.63 g of triphenylphosphine by a similar method to Example 18. 
IR vmax (Neat)cm- 1 : 1800, 1750, 1580, 1450, 1420, 1260, 1160, 1110, 1050. 
NMR (90MHz, CDCI 3 )5 : 2.70-2.85 (4H,m), 5.04 (2H,s), 7.05-8.30 (9H,m). 

Example 20 

10 

Preparation of 4-nitrobenzyi 2-(2-benzothiazolyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (20)] : 
The title compound (20), (190 mg) was obtained from 369.4 mg of 2,2'-dibenzothiazolyl disulfide, 281 mg of 

1- (4-nitrobenzyl) 2-oxoglutarate and 263 mg of triphenylphosphine by a similar method to Example 18. 

IR vmax (KBr)cm- 1 : 1780, 1740, 1520, 1350, 1260, 1170, 1050, 1000. 
15 NMR (90MHz, CDCI3) 6 : 2.50-3.10 (4H,m), 5.24 (2H,s) 7.15-8.30 (8H,m). 

Example 21 

Preparation of benzyl 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (5)] : 
20 The compound (5), (104 mg) was obtained from 220 mg of diphenyi disulfide, 236 mg of 1-benzyl 

2- oxoglutarate and 263 mg of triphenylphosphine by a similar method to Example 18. 

Example 22 

25 Preparation of benzhydryl 2-phenylsulfinyl-5-oxo-2-tetrahydrofurancarboxylate [Compound (22)] : 

A solution of 100 mg of Compound (6) and 43 mg of metachloroperbenzoic acid in 6 ml of dichloromethane 
was stirred for 0.5 hour under ice-cooling. The reaction mixture was poured into aqueous sodium hydrogen 
carbonate solution and extracted with ethyl acetate. The organic phase was washed with saturated sodium 
chloride solution and dried (MgS04). After distilling the solvent under reduced pressure, the residue was 
30 subjected to silica gel column chromatography eluting with hexane-ethyl acetate (2 : 1 ) to obtain 78 mg of the 

title compound (22). ; 
IR vmax (Neat)cm- 1 : 1800, 1760, 1740, 1490, 1440, 1100. 
NMR (90MHz, CDCl 3 )S : 2.33-3.42 (4H.m), 6.83 (1H,s), 7.03-7.76 (15H,m). 

35 Example 23 

Preparation of 4-nitrobenzyl 2-phenylsuffinyl-5-oxo-2-tetrahydrofurancarboxylate [Compound (23)]: 

The title compound (23), (283 mg) was obtained from 374 mg of Compound (7) and 230 mg of 
metachloroperbenzoic acid by a similar method to Example 22. 
40 IR vmax (Neat)cm- 1 : 1800, 1760, 1734, 1490, 1450, 1100. 

NMR (90MHz, CDCI 3 )5 : 2.35-3.45 (4H,m), 5.10 (2H,s), 7.05-7.65 (7H,m). 8.25 (2H,d, J = 9Hz). 

Example 24 

45 Preparation of benzhydryl 2-phenylsulfonyl-5-oxo-2-tetrahydrofurancarboxylate [Compound (24)]: 

A solution of 658 mg of Compound (6) and 924 mg of metachloroperbenzoic acid in 10 ml of 
dichloromethane was allowed to stand overnight at -5°C. Then, the mixture was treated in a similar way to 
Example 22 to obtain 567 mg of the title compound (24). 

IR vmax (Neat)cm- 1 : 1820, 1730, 1570, 1330, 1250, 1150. 
50 NMR (90MHz, CDCI 3 )6: 2.53-3.30 (4H,m), 6.80 (1H,s), 7.10-7.70 (15H,m). 

Example 25 

Preparation of sodium 

55 2-[(4S)-4-(5-oxo-2-phenoxy-2-tetrahydrofuranylcarbonylamino)-3-oxo-2-isoxazolidinyl]-5-oxo-2-tetrahydro- 
furancarboxylate [Compound (25)]: 

(a) A mixture of 222 mg of Compound (3), 250 mg of benzhydryl 2-[(4S)-4-amino-3-oxo-2-isoxazolid- 
inyl]-5-oxo-2-tetrahydrofurancarboxylate, 206 mg of DCC and 206 mg of 1-hydroxybenzotriazole (HOBT) 
in 4 ml of DMF was stirred for an hour at room temperature. The reaction mixture was poured into water 
60 and extracted with ethyl acetate. The organic phase was washed with water, dried (Na2S04) and then 

distilled under reduced pressure to remove the solvent. The residue was subjected to silica gel column 
chromatography eluting with hexane-ethyl acetate (2 : 3) to yield 284 mg of benzhydrylester of the title 
compound (25). 

IR vmax (KBr)cm- 1 : 3340,2930, 1800, 1740, 1695, 1520, 1180. 1050. 
65 NMR (90MHz, CDCI 3 )5 : 2.31-3.30 (8H,m), 3.41-4.20 (1.5H,m), 4.46-4.93 (1.5H,m), 6.98 (1H,s), 
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7.11-7.58 (15H,m). 

J^'tSSfSff ^ST'JF*"? 3 miXtUre ° f 5 mg of ^^ofuran and 5 ml of 
IRymax(KBr)cm-l :3400. 1800, 1790, 1720, 1650. 1380, 1190 1040 

7?w ( 57 0 (5H H m i D2 ° ) 5 2 " 41 " 359 (8H • m) • 392 ^ 13 (1H ' m,: 442<78 (1Hm »' 488 - 5 - 12 < 1H .-). 



Example 26 



Preparation of sodium 2-{(4S)-4-[(2-(4-chlorophenyl) 

IRvmax(KBr)cm- 1:3340, 2940. 1800, 1760, 1690, 1520 1180 1050 

IRvmax(KBr)cm-i :3400. 1800. 1720, 1660, 1380. 1190 1010 COm P ound ™- 
wSfiSS!** 6 : (8H ' m) ' 3 - 75M - 09 "W""* (1H.m). 4.81-5.12 (1H.m,. 



Example 27 



20 



25 



35 



40 



Preparation of sodium 2- {(4S)-4-[5-oxo-2-(2-pyridyl) 30 

ExI^e26 C (b) P ° Und <27) ' <53 ^ ^ ° b,ained fr ° m 210 m9 ° f the above P roduct * ^ Similar ™thod to 
IR vmax (KBr)cm-i : 3400, 1790, 1720, 1660, 1380 1190 1030 

fSSSSmS^ ' ^ 31 (8H ' m) - 4 °- 4 - 27 (1H • ^1, • 4 ' 15 (2H ' S >- 4 4 ^ 78 < 1 H '-»- ^3 (1H.m». 

Example 28 45 

Preparation of sodium 2-{(4S)-4~[5-oxo-2-(4-pyridyl) 

STmS^^ 

sZ~iF=*= wssaaaasaars-'as 

IR vmax (KBr)cm-i : 3340, 2930, 1800, 1750, 1690 1520 1180 1050 

1ST CDC,3) 5 : 2 35 - 3 - 3 ° (8H ' m) - Cl2y;5«23 <1.5H,m>. 6.93 (1H,s,. 7.21-8.52 

ExI^ (b, P ° Und (28, • H1 m9) ° btained fr ° m 184 m 9 of < he abo - Product by a simHar method to 
IR vmax (KBr)cm-i : 3400, 1800, 1720, 1650. 1380 1190 1050 

NMR H00MHZ. D 2 0) 8 : 2.41-3.29 (8H.m>. 3.93-4.22 (1 H,m, .4.41 -7.78 (1H.m,. 4.88-5.15 (1H.m). 7.88-8.68 SO 



50 



55 



Example 29 



65 
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Preparation of benzhydryl 

2-K^M-benzyto^ [Compound 

A mixture of 46 mg of Compound (22), 26 mg of (4S)-4-benzyloxycarbonylamino-3-isoxazolidinone and 12 
5 mg of triethylamine in 1 ml of dichloromethane was stirred for an hour at room temperature. The reaction 
mixture was poured into dilute hydrochloric acid and extracted with ethyl acetate. The organic phase was dried 
(MgS0 4 ) and concentrated under reduced pressure. The residue was subjected to thin-layer chromatography 
using hexane-ethyl acetate (1:1), to afford 17 mg of the title compound (29). 
IR vmax (KBr)cm- 1 : 2950, 1780, 1700, 1530, 1300, 1260. 
f 0 NMR (90MHz, CDd 3 )5 : 2.30-3.36 (4H,m), 3.92-4.26 (1H,m), 4.53-4.76 (2H,m). 5.11 (2H,s) 6 97 (1H s) 

7.26-7.60 (15H,m). ' 

Example 30 



15 Preparation of Compound (29) : 

A mixture of 48 mg of Compound (24), 27 mg of (4S)-4-benzyloxycarbonylamino-3-isoxazolidinone and 13 
mg of triethylamine in 1 ml of dichloromethane was stirred for 4 hours at room temperature. The mixture was 
subjected to a similar workup to Example 29 to obtain 33 mg of Compound (29). This product was completely 
identical with IR and NMR spectra of the compound obtained by Example 29. 

Example 31 



Preparation of 4-nitrobenzyl 

2-[(4S)-4-benzyloxycarbonylamino-3-oxo"2-isoxazolidinyl]-5-oxo-2-tetrahydrofurancarboxylate [Compound 
25 (31)] : 

The title compound (31), (23.5 mg) was obtained from 55 mg of Compound (23), 33 mg of 
HS)-4-benzyloxycarbonylamino-3-isoxazolidinone and 15 mg of triethylamine by a similar method to Example 

IR vmax (Neat)cm- 1 : 3350, 1800, 1770-1700, 1520, 1340, 1260, 1230, 1180 1050 
30 NMR (90MHz, CDCI 3 ) 5 : 2.30-3.30 (4H,m), 4.1 (1H,m), 4.50-4.80 (2H,m), 5.1l'(2H,s), 5.30 (1H,bs) 5.37 

(2H,s), 7.35 (5H,s), 7.53 (2H,d,J-9Hz), 8.23 (2H,d,J = 9Hz). 

Example 32 

35 Preparation of benzyl 

2-[(4S)-4-benzyloxycarbonylamino-3-oxo-2-isoxazolidinyl]-5-oxo-2-tetrahydrofurancarboxylate [Compound 
(32)] : 

(a) A mixture of 312 mg of Compound (2), 238 mg of (4S)-4-benzyloxycarbonylamlno-3-isoxazolidinone 
and 5 mg of sodium hydroxide (fine powder) in 25 ml of tetrahydrofuran was refluxed for 2 hours. The 

40 reaction mixture was poured into dilute hydrochloric acid and extracted with ethyl acetate. The organic 

phase was dried (MgSCU) and concentrated under reduced pressure. The residue was subjected to silica 
gel column chromatography using an eluent of hexane-ethyl acetate (2:1) to obtain 176 mg of the title 
compound (32). 

IR vmax (Neat)cm- 1 : 1800, 1760-1700, 1520, 1180, 1050 
45 NMR (90MHz, CDCI 3 )5 : 2.35-2.80 (4H,m), 4.00-4.20, (1H,m), 4.60-4.80 (2H,m), 5.10 (2H,s) 5 26 

(2H,s),7.33(10H,s). • 

(b) A mixture of 317 mg of Compound (2), 353 mg of (4S)-4-benzyloxycarbonylamino-3-isoxazolidinone 
and 0.23 ml of triethylamine in 15 ml of tetrahydrofuran was refluxed for 8 hours, followed by a similar 
workup to Example 38 (a) to obtain 170 mg of Compound (32). 



50 



Example 33 



Preparation of Compound (32) 

(a) A mixture of 120 mg of Compound (5), 70 mg of (4S)-4-benzyloxycarbonylamino-3-isoxazolidinone 
and 2 mg of sodium hydroxide (fine powder) in 6 ml of tetrahydrofuran was refluxed for 6 hours, followed 
by a similar workup to Example 32 (a) to obtain 30 mg of Compound (32) . 

(b) A mixture of 177 mg of Compound (5), 127 mg of (4S)-4-benzyloxycarbonylamino-3-isoxazolidinone 
and 0.1 ml of triethylamine in 20 ml of tetrahydrofuran was refluxed for 3 hours, followed by a similar 
workup to Example 32 (a) to obtain 29 mg of Compound (32). 

2-Oxoglutaric acid half-esters [Compound (II)] were reacted with thiols [Compound (III)] in the presence of 
DCC in a similar way to Example 5 to obtain Compound (34-47) of the following examples. 

Example 34 
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^Z^MS-T ""^W^^ [Compound (34,] : 

IRv max (KBr)cm-i : 1785, 1730 1165 1065 

NMR <90MHz. CDC,, 5 : 2.20-2.90 (4H. m) , 3.90 (2H,ABq, J = 13.5,4.5Hz), 5,3 (2H„, 5.27-7.40 (10H,m>. 
Example 35 

"TS? r£e°T 2 - ( ^ hl0rOphen ^ ,hio - 5 ---2-te^^ fcomopunc (35)] : 

IR vmax (KBr,cm-i : 1790. 1750, 1735, 1165. 1180 1060 

OOWHz. CDC.3J8 : 2.35-2.85 (4H,m), 5.6 5 (2H,s) ^1 0-7.45 <9H,m). 
Example 36 

^Zr^V'T *<* <Woro ^^ [Compound ,36,] : 

IR vmax (KBr)cm-i : 1790. 1750. 1250 1170 1050 

NMR (90MHz. CDCI 3 , 5: 2.39-2.88 (4H.m), 5.09 (2H,s). 7.08-7.66 (9H,m). 
Example 37 

PreP M p ,fo 70»c methyl 2 - phenytthi °- 5 - ox - 2 - te ^ [Compound (37,] : 

IR vmax (KBr,cm-i : 1800, 1780, 1750 1440 1170 

NMR (90MHz, CDCI 3 , 8 : 2.40-3.00 (4H.m), 2.67 (3H,s). 7.30-7.75 (5H.m). 
Example 38 

PreP Mp tfo 105-S? S «*"- ta ^^ [Compound (38)] ; 

IR vmax (KBr)cm- 1 : 1785, 1775 1725 1585 uon io 4 n 

NMR (SOMH, OOCW , : ^ SSi^ZS^ « 2 H,,. 6,7-7.50 ,9H« 
Example 39 

PreP M?: n 55» f C ben2yl ^^^^ [Conlpound (39)] . 

IR vmax (KBr)cm- 1 : 1780, 1730, 1245 1175 1050 

NMR (90MHz. CDCI3) 8 : 250 -2.90 ,4H.m,. 413 ,2H.s,, 5,7 ,2H,,, 6.87-7.30 (3H.m,, 7.40 «5H,,. 
Example 40 

PreP M? i :T67 b « e c Zy, 2 ^ C '° he ^ hi ^^^ [Compound (40)] : 

IR vmax (KBr)cm- 1 : 1790, 1730 1160 

NMR (90MHz, CDC.3,8 : 0.90-1.90 (11H.m). 2.20-3.30 ,4H.m). 5.27 (2H.s,. 7.40 (5H.s,. 
Example 41 

""El 45°^' ^^^^^ impound (41), : 

IR vmax (KBr)cm-i : 1790, 1720, 1160. 1025 880 

NMR (90MHz. CDC.3,5 : 2.30 (3H,s). 2.37-2.90 (4H.m). 5.04 (2H,s,, 6.80-7.50 (9H.m). 
Example 42 

PreP M?^35 b ^ [Compound (42), : 

M»o m ^flL Br,Cm " 1 : 1790 - 174S - 1260 - 1 170, 1035. 

NMR (90MHz. CDC.3, 8 : 2.26 (3H.s). 2.30-2.90 (4H.m). 5.02 (2H.s). 7.00-7.47 (9H.m,. 
Example 43 
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Preparation of benzyl 2-(2-methylphenyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (43)] : 
MP : 58-60° C. 

IR vmax (KBr)cm- 1 : 1805, 1790, 1760, 1245, 1170, 1060, 1040. 

NMR (90MHz, CDCIs) 5 : 2.23-3.00 (7H,m), 4.99 (2H,s), 6.90-7.60 (9H,m). 

5 

Example 44 

Preparation of benzyl 2-(2-acetylaminoethyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (44)] : 
IR vmax (Neat)cm-i : 1800, 1750, 1660, 1550, 1270, 1175. 
10 NMR (90MHz, CDCb) 8 : 1.93 (3H,s), 2.20-2.90 (6H,m), 3.20-3.50 (2H,m), 5.27 (2H,s), 5.93 (1H,bs), 7.40 

(5H,s). 

Example 45 

15 Preparation of benzyl 2-ethylthio-5-oxo-2-tetrahydrofurancarboxylate [Compound (45)] : 
IR vmax (Neat)cm- 1 : 1800, 1740, 1260, 1170, 1060. 

NMR (90MHz, CDCI 3 )8 : 1.17 (3H,t,J= 7.5Hz), 2.17-2.93 (6H,m), 5.30 (2H,s). 7.41 (5H,s). 
Example 46 

20 

Preparation of benzyl 2-(2-furylmethyl)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (46)1 : 
MP : 60-61 °C. 

IR vmax (KBr)cm-i : 1790, 1750, 1740, 1260, 1170, 1060. 

NMR (90MHz, CDCI3) 8 : 2.20-2.90 (4H,m), 3.97 (2H,s), 5.17 (2H,s), 6.10-6.37 (2H,m), 7.23-7.43 (6H,m). 

25 

Example 47 

Preparation of benzyl 2-(1-methyl-2-imldazolyt)thio-5-oxo-2-tetrahydrofurancarboxylate [Compound (47)1 : 
MP : 110-1 12° C. 

30 IR vmax (KBr)cm- 1 : 1800, 1750, 1400, 1270, 1150, 1060. 

NMR (90MHz, CDCb) 8 : 2.30-3.25 (3H,m), 3.50-3.90 (1H,m), 3.56 (3H,s), 5.22 (2H, ABq,J= 3.0,12.0Hz), 
6.69 (1H,d, J=2.4Hz), 6.92 (1H,d,J = 2.4Hz), 7.30 (5H,s). 

Example 48 

35 

Preparation of benzyl 2-phenylsulfonyl-5-oxo-2-tetrahydrofurancarboxylate [Compound (48)] : 
Compound (5) was reacted in a similar way to Example 5 to yield the title compound (48) 
MP : 161-163°C. 

IR vmax (KBr)cm- 1 : 1810, 1750, 1325, 1315, 1150, 1080. 
40 NMR (90MHz, CDCI 3 )5 : 2.50-3.50 (4H,m), 5.10 (2H,s), 7.15-7.85 (10H,m). 

Example 49 

Preparation of 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (49)] : 
45 Compound (6) was reacted in a similar way to Example 11 to yield the title compound (49) 
MP : 120-121 °C. 

IR vmax (KBr)cm- 1 : 1750, 1230, 1185, 1050, 980-1000, 755. 

NMR (90MHz, CDCI3) 8 : 2.30-3.00 (4H,m), 6.30-6.60 (1H,bs), 7.25-7.70 (5H,m). 

50 Example 50 

Preparation of 2-phenylsulfonyl-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (50)] : 
Compound (24) was reacted in a similar way to Example 11 to yield the title compound (50). 
MP : 160-1 61 °C. 

55 IR vmax (KBr)cm- 1 : 1820, 1740, 1310, 1150, 1100. NMR (90MHz, CDCI3) 8 : 2.50-3.50 (4H,m), 7.45-8.20 

(5H,m). 

Example 51 

60 Preparation of pyrrolidinamide of 2-phenylsulfonyl-5-oxo-2-tetrahydrofurancarboxylic acid [Compound (51 )] : 
Thiophenol (0.20 mg), 337 mg of 5-pyrrolidinyi-4,5-dioxopentanoic acid and 348 mg of DCC were dissolved 
in 5 ml of dichloromethane and stirred for overnight at room temperature. The precipitated crystals were 
filtered off and the filtrate was concentrated. The residue was subjected to silica gel column chromatography 
eluting with hexane-ethyl acetate (3:1) to obtain 268 mg of the title compound (51). 

65 IR vmax (Neat)cm- 1 : 1790, 1710, 1640, 1440. 1025. 
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NMR ,90MHz. CDCa, 8: 1.70-2.20 <4H.m,. 2.85-3.35 ,4H.m,. 3.35-3.75 (4H. m ). 7.41 (5H.s,. 
Example 52 

argon. followed byTrri^ * S2JJS5SS2 T °f 9 °I 60 ° /0 SOdium h ^" e - * stream of 

Methyl 2-chloro-5-oxo-2 tetrahydSanc^*^ '° make the ,hiolate solu «°"- 

cooled to -70°C in a stream of argon "^^fSta'SS^H^^ 20 ml 0f ,e ™ydrofuran and 
and stirred for 30 minutes at -70 to i^S^Z^Xl^T W3S " tt,e * litt,e «** 

adding a small piece of dry ice was concentrated and oartil^H o^" 9 ^ The reaction mixture after 

MP : 93-94° C. 

Mim m S te (KBr)0m_1 : 1785 " 1750 ' 157 °. 1485, 1440 1415 

(90MHt "*» 6 : «** » WW5 »«, 7.57 „ , » eac „ „. J = 6H2 , 

Example 53 

Prc TKco°:Xdl£a [^pound ,53,] - 

MP : 70-72'C. wasob,a,ned fr °™ 4-pyr.dylmethanethiol by a similar method to Example 52. 

IR vmax (KBr)cm-i : 1780. 1730. 1595 1435 1415 
NMR,**,, DMSO-dg) . : 2 . 2 . 30 (4H.m). isO «„„, „ B „. s) . ,33 , M „ , 2H „ , ^ - 



Example 54 



10 



15 



20 



'TSSE^^ ICompound ,54,, : 

dichloromethane SuJg ^^^SSSS^SS^L 1 "ft." " *"*» " ta 90 * 
was concentrated and subjected to silica oel onSST fterf,l ! enn 9 Insoluble materials off, the filtrate 
obtain 3.4 g of the title compound (54) chromatography using an eluent of ethyl acetate to 

IR vmax (KBr)em-i : 1795. 1730 1600 1560 ^AA^^ i^on 35 
NMH ^ DMS0 „ , ; ,3d «* 35«t and 3.. W , , Clch a . ^ 
Example 55 

chromatography using an eluent of aqueous acetone The 2? « SUb)e ° ted to si,ica 9 el co,u ™ « 
column chromatography using Diaion £££ ^^l^^^ ^ te 

aqueous ethanol. The eluted solution was again c^Z«S2 ,S2^. WU f tneS Ud) 3nd elUtin 9 with 
Sephadex LH-20 (from Pharmacia) and eTutln vS wate S rS ^ ^ mn ° hrOTat ^ ra P^ usin 9 
lyophillzed to give 16 mg of the title compound (55) ' S0 ' Utl0n was c °™entrated, and 

NMR (90MHz, D 2 0 : CD 3 CN = 1-i)S ■ oco, J' . - „ „ 50 

x 2. each d, J=6Hz). q ' M2) ' 5 82 ( 1H ' d .J=*5Hz), 6.90 (1H,s), 8.00 and 8.86 



Example 56 



A mixture of 413 mo erf 7T9 w 
to -50»C. to which 600 mg of fiSSSS^^ 

temperature. After taking off the £oltog mSTSE "Sure w2 r'"^ ,0r 1 ° mlnUleS at the «"» 

room temperature. After adding 100 ml J Xr ether th S, L f ° r an ^ under etevati "S *° 

removed by decantation. The remaining £ waLdfesolSd ™S m. S 3nd then the upper ^ " as 
was subjected to co,umn chromatography usingS^ l^^^^~S^ 



55 



60 



65 
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solution after concentration was subjected to column chromatography using Diaion CHP-20P. The eluted [ 
solution was concentrated and lyophilized to obtain 149 mg of the title compound (56). 
IR vmax (KBr)cm- 1 : 1770, 1740, 1615, 1520, 1390, 1270. 

NMR (90MHz, D 2 0 : CD 3 CN = 1:1)8 : 2.3-3.1 (4H,m), 3.10 and 3.67 (2H,ABq,J = 18Hz), 3.83 (3H,s). 4.03 
5 (3H,s), 5.27 (1H,d,J=5Hz), 5.25 and 5.70 (2H,ABq,J = 14Hz), 5.89 (1H,d,J-5Hz). 6.98 (1H.s), 8.13 and 9.03 

(2H x 2, each d, J = 18Hz). 

Example 57 

10 Preparation of 

7-[2-(2-amincH4-thiazolyl)-(Z)-2-metho^ 

ranyl)oxymethylpyridiniomethyl]-3-cephem-4-carboxylate [Compound (57)] : 
The title compound (57) was obtained from Compound (54) by a similar method to Example 56. 
IR vmax (KBr)cm- 1 : 1780 (sh), 1760, 1720, 1620, 1530, 1360. 
15 NMR (100MHz, D 2 0:CD 3 CN = 1:1) 8 : 2.2-3.0 (4H,m), 2.93-3.47 (2H,ABq,J = 18Hz), 3.75 (3H,s), 3.85 

(3H,s), 4.92 (2H,s), 5.08 (1H,s,J = 5 Hz), 5.10 and 5.50 (2H,ABq,J = 14Hz), 5.68 (1H,d l J=5Hz), 6.75 (1H f s), 
7.90 and 8.86 (2H x 2, each d, J = 6Hz). 

Example 58 

20 

Preparation of methyl 2-(1-methyl-4-pyridinio)methyl-5-oxo-2-tetrahydrofurancarboxylate iodide [Compound 
(58)] : 

To a solution of 1.0 g of Compound (53) in 1 ml of DMF was added 1 ml of methyl iodide, followed by stirring 
for an hour at room temperature. The reaction mixture after adding 50 ml of ethyl ether was stirred and allowed 
25 to stand. The lower layer after adding 50 ml of ethyl acetate was treated in a similar way to above. The title 
compound (58), (1.38 g) was obtained upon crystallization from acetone. 
MP : 135-138°C. (decomp.) 

IR vmax (KBr)cm- 1 : 1770, 1730, 1630, 1560, 1500, 1450, 1430, 1380, 1260. 

NMR (90MHz, DMSO-de) 8 : 2.0-3.0 (4H,m), 3.67 (3H,s), 4.30 (2H,s), 4.38 (3H,s), 8.09 and 9.00 (2H x 2, 
30 each d, J-6Hz). 

Example 59 ' 

Preparation of methyl 2-(1-benzyl-4-pyridinio)methylthio-5-oxo-2-tetrahydrofuran carboxylate bromide 
35 [Compound (59)] : * 
Using benzyl bromide, Compound (53) was reacted in a similar way to Example 58 to afford the title 
compound (59). 
MP : 68-70° C. 

IR vmax (KBr)cm- 1 : 1780, 1700. 1630, 1450. 
40 NMR (90MHz, DMSO-d 6 ) 8 : 2.0-3.2 (4H,m), 3.72 (3H,s), 4.30 (2H,s), 5.90 (2H,s), 7.46 (5H,br), 8.13 and 

9.24 (2H x 2, each d, J=6Hz). 

Example 60 

45 Preparation of methyl 

2-(1-t-butoxycarbonylmethyl-4-pyridinio)methylthio-5-oxo-2-tetrahydrofurancarboxylate bromide [Compound 
(60)] : 

Using t-butyl 2-bromoacetate, Compound (53) was reacted in a similar way to Example 58 to afford the title 
compound (60). 

50 IR vmax (Neat)cm- 1 : 1780, 1730, 1635, 1460, 1240. 

NMR (90MHz, DMSO-de) 8 : 1.55 (9H,s), 2.1-3.2 (4H,m). 3.80 (3H,s), 4.53 (2H,s), 5.88 (2H,s), 8.61 and 9.50 
(2H x 2, each d, J = 6Hz). 

Example 61 

55 

Preparation of methyl 2-(1-carboxymethyl-4-pyridinio) methylthio-5-oxo-2-tetrahydrofurancarboxylate 
bromide [Compound (61)] : 

A mixture of 1.0 g of Compound (60) in 10 ml of trifluoroacetic acid was stirred for 2 hours at room 
temperature. The reaction mixture was concentrated and pulverized by addition of ethyl ether to obtain 0.84 g 
60 of the title compound (61). 

IR vmax (KBr)cm- 1 : 1770, 1700, 1640, 1465. 

NMR (90MHz, DMSO-d 6 ) 8 : 2.2-32 (4H,m), 3.62 (3H,s), 4.35 (2H,s), 5.60 (2H,s), 8.20 and 9.05 (2H x 2. 
each d, J = 6Hz). 

65 

i 
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Example 62 

Preparation of methyl 2-(1-methyl-4-pyndinio)thio- 5-oxo-2-tetrahydrofurancarboxylate iodide [Compound 

^rzf^TSX ]n 3 simi,ar way to Example 58 to afford the tit,e compound (62) " 

IR vmax (KBr)cm-i : 1785, 1740, 1620, 1550, 1490. 1450. 1340 1280 1260 

NMRWMHz. D MSO-d 6 ) 8 : 2.4-3.4 (4H.m), 3.79 (3H,s), 4.28 (3H.s), 8.01 and 8.86 (2H x 2. each d, 
Example 63 

tSSSZ rai™ , "** nZy ' 2 - |1 - ra ^*^ lnto » hl ^»^-'«"'>y*of"'™M>c.^. re Wide 

KSffStaBft! flZSXidsr*- 5:40 759 - 8a> * - * - * 

Example 64 
Example 65 

impound ^J nitrobenz y | 2 -< 1 -™*yl-2-pyr^ iodide 

C IR S StTom^" tSg%Tl£ "ST * * ™° ™- 

NMR (90MHz, DMSO-d 6 )6 : 2.1-3.4 (4H,m), 4.66 (3H,s), 5.66 (2H,s), 7.8-9.7 (8H,m). 

Example 66 

Preparation of 2-(1-methyl-4-pyridinio)methylthlo-5-oxo-2-tetrahydrofurancarboxvlate rComoound fRfin • 

Compound (64). (200 mg) was dissolved in a mixed solvent of 5 ml of ^mSTJmwTJmL to 
which 200 mg of 100/c paHadium-carbon was added. The mixture was stirred SS^J^SSSS£ 
a stream of hydrogen. The reaction mixture was filtered to remove insoluble ° * 

concentrated and subjected to column chromatography using Diaion CHP-20P 2 f£L v£h ?K ?he 
eluate was concentrated and lyophilized to obtain 56 mg of the title compound (66) 
IRv max (Neat)cm-i : 1760, 1630, 1360, 1300 1240 

NMRWMHz. D 2 0:CD 3 CN= 1 :1, 5 : 2.1-3.3 (4H,m) 4.33 (2H,s), 4.50 (3H,s), 8.19 and 8.91 (2H x 2. each d, 



Claims 

1 . A compound represented by formula (I): 
\ Q 




' Whe ^'" R J fe 3n ° rganiC residue throu 9 h a carbon a tom. R 2 is a carboxyl group which mav be esterifl^ 
or amidated, and X' is an oxygen atom, or a sulfur atom which may be oxidized 
or a salt thereof. 

2. The compound of claim 1 in which the organic residue is an alkyl group which may be substituted, a 
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cycloalkyl group, an aryl group which may be substituted or a heterocyclic group which may be 
substituted. 

3. The compound of claim 2 in which the alkyl group is an alkyl having 1 to 6 carbon atoms which may be 
substituted by a halogen, cyano, alkoxyl, alkoxycarbonyt, acyl, acylamino, aryl or heterocycle. 

4. The compound of claim 2 in which the alkyl group is methyl which may be substituted by pyridyl, 
thienyl.furyl or phenyl. 

5. The compound of claim 4 in which the pyridyl Is 2- or 4-pyridyl which may be quaternized. 

6. The compound of claim 2 in which the cycloalkyl group is a C4-6 cycloalkyl. 

7. The compound of claim 2 in which the aryl group Is phenyl which may be substituted by a halogen, 
nitro, cyano, C1 -3 alkyl or C1 .3 alkoxyl. . 

8. The compound of claim 2 in which the aryl group is phenyl which may be substituted by chlorine, 
methyl or methoxy. 

9. The compound of claim 2 in which the heterocyclic group is a 5 to 7 membered heterocycle 
containing one sulfur, nitrogen or oxygen atom, 5 or 6-membered heterocycle containing two to four 
nitrogen atoms, or 5 or 6-membered heterocycle containing one or two nitrogen atoms and one sulfur or 
oxygen atom, which may be substituted by a halogen, nitro, cyano, Ci .3 alkyl or Ci .3 alkoxyl. 

10. The compound of claim 2 in which the heterocyclic group is pyridyl, or imidazolyl substituted by 
methyl. 

1 1 . The compound of claim 1 0 in which the pyridyl is 2- or 4-pyridyl which may be quaternized. 

12. The compound of claim 1 in which the carboxyl group is an esterified carboxyl having as ester residue 
thereof a Ci .1 0 alkyl or aryl which may be substituted 

13. The compound of claim 12 in which the esterified carboxyl group is one having benzyl, nitrobenzyl or 
benzhydryl as ester residue thereof. 

14. The compound of claim 12 in which the esterified carboxyl is one having methyl, substitutedsilylethyl 
or pivaloyloxymethyl as ester residue thereof. 

15. The compound of claim 1 in which X is sulfur atom. 

16. The compound of claim 1 in which is benzyl 2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate, methyl 
2-phenylthio-5-oxo-2-tetrahydrofurancarboxylate or benzyl 2-(4-chlorophenyl)thio-5-oxo-2-tetrahydro- 
furancarboxytate. 

17. A process for preparing y-lactonecarboxylic acid derivatives which comprises condensing a 
compound represented by the formula (II) : 



COZ- ( j 




, wherein R2- is an esterified carboxyl group and Z 1 is a leaving group and a compound represented by the 
formula (III): 

Ri'-X'-Z? (Ill) 

wherein RV is an organic residue through a carbon atom, X 1 is an oxygen or sulfur atom and Z* is a 
leaving group, and when desired, (i) converting RV into other R 1 , (ii) treating the sulfur atom with an 
oxidizing agent to convert Into an oxidized sulfur atom, or (iii) subjecting the esterified carboxyl group to a 
hydrolysis, amidation or salt forming reaction thereby converting into carboxyl, amidated carboxyl or 
salted carboxyl, to obtain a compound of the formula ( I) : 




( I ) 



wherein R 1 is an organic residue through a carbon atom, R 2 is a carboxyl group which may be esterified or 
amidated and X is an oxygen atom, or a sulfur atom which may be oxidized, or a salt thereof. 

18. The process of claim 17 in which in case where the leaving group is hydroxyl or hydrogen, the 
condensation reaction is conducted in a solvent in the presence of a condensing agent such as 
N,N'-dicyclohexylcarbodiimide, N,N'-dicyclohexylcarbodilmide-1-hydroxybenzotriazole, 1-ethoxycarbo- 
ny1-2-ethoxy-1 ,2-dihydroxyquinoline, carbonyldiimidazole or diphenylphosphorylazide. 

19. The process of claim 17 which is adopted to prepare a compound of claim 14. 



20 



